Abstract: Reports of hypertrophic pachymeningitis associated with myeloperoxidase-antineutrophil cytoplasmic antibody (MPO-ANCA) localized exclusively in the spine were quite rare. Two cases of ANCAassociated systemic vasculitis (AASV) presenting with hypertrophic spinal pachymeningitis (HSP) causing low back pain and numbness are described. Two patients showed prominent systemic and local inflammatory reactions manifested as fever, elevated levels of erythrocyte sedimentation rate and C-reactive protein, and markedly increased levels of total protein of cerebrospinal fluid. The gadolinium (Gd)-enhanced T1-weighted magnetic resonance imaging scan of spinal cord demonstrated diffuse spinal dura matter thickening. Additionally, simple microscopic hematuria was found in 1 case suggestive of renal involvement and the other 1 complicated with interstitial lung disease. Then, a diagnosis of HSP secondary to AASV was made. Combination therapy of corticosteroids and cyclophosphamide produced a rapid improvement in the clinical symptoms and laboratory parameters. Followed up for 6 months, 1 case relapsed when the dosage of prednisone was tapered to 10 mg daily. Since the patient refused rituximab-based regimen, an immunosuppressive triple-therapy (corticosteroid, cyclophosphamide, and azathioprine) was initiated and brought control of the disease during the subsequent 6 months of follow-up.
INTRODUCTION
H ypertrophic pachymeningitis (HP) is a rare disorder characterized by marked inflammatory hypertrophy of the dura mater, with subsequent neurological deficits as a result of the compression of adjacent structures, which mostly involves the intracranial dura. The spinal form of HP is rather rarer. The etiologies of this disease are various which can be attributed to several disorders: infections such as syphilis, 1 tuberculosis, 2 human T-lymphotropic virus type 1, 3 and fungal infection 4 ; neoplastic diseases including spinal meningioma, 5 lymphoma, 6 heavy-chain disease 7 ; trauma; autoimmune diseases including IgG4-related disease, 8 sarcoidosis, 9 etc.; or a combination of the disorders. Those patients with unknown etiology are classified as idiopathic hypertrophic spinal pachymeningitis (HSP). The association between ANCA and HP has been described in recent years; however, most of the cases involved the intracranial dura mater, case reports of HSP were extremely rare. In this study, we report 2 cases of ANCAassociated systemic vasculitis (AASV) presenting with HSP, and this is the first literature review of the clinical features, diagnosis, and management of this disease.
CASE 1
A 26-year-old woman was admitted in August 2014 because of general malaise, fever, bloody nasal discharge, and persistent neck and back pain over a 4-month period. In 2005, she was diagnosed with Graves' disease and treated with propylthiouracil (PTU) for 9 years.
On admission, there were no abnormal vital signs except for pyrexia (388C). Thyroid examination showed mild enlargement and spine movement was restricted. There were no characteristic neurological findings. The laboratory test results were as follows: WBC 5.56 Â 10 9 /L (normal range 4-10), hemoglobin 102 g/L (110-150), and platelets 309 Â 10 9 /L (100-300). Urinalysis showed mild microscopic hematuria and urinary sediment was otherwise normal. Both renal and liver function parameters were within the normal ranges. Serum levels of free triiodothyronine (FT3), free tetraiodothyronine (FT4), and thyroid stimulating hormone (TSH) were 6.35 ng/dL (1.80-4.10), 2.400 ng/dL (0.81-1.89), and 0.017 mIU/mL (0.38-4.34), respectively. The tests of thyroglobulin antibody (TG-Ab), thyroid peroxidase antibody (TPO-Ab), and thyrotropin receptor antibodies (TR-Ab) were negative. The erythrocyte sedimentation rate (ESR) was elevated at 119 mm/hr (0-20) and hypersensitive C-reactive protein level (hsCRP) was elevated at 190 mg/L (<3). The total IgG, IgG4, IgA, and IgM levels were normal. The complement fraction C3 was 1.885 g/L (0.73-1.46) and C4 was normal. Antinuclear antibody (ANA) tests were negative. The rheumatoid factor (RF) level was 48.8 IU/mL (0-20). The serum level of myeloperoxidase (MPO)-antineutrophil cytoplasmic antibody (ANCA) was elevated at 92 RU/mL (<20) and proteinase 3 (PR3)-ANCA was negative. Examination of the cerebrospinal fluid (CSF) revealed normal CSF pressure and the total protein level of CSF was markedly elevated to 42 g/L (0.15-0.45) and a cell count of 30 per mL (lymphocytes 30). A cytological examination did not show any malignant cells, and bacterial, fungal, mycobacteria, and viral examinations were all negative in the sera as well as in the CSF. A gadolinium (Gd)-enhanced magnetic resonance image (MRI) scan of spinal cord demonstrated diffuse spinal dura matter thickening between the spinal level at the 6th cervical (C6) and 10th thoracic (Th10) cord (Fig. 1A) . Electrocardiography and computed tomography (CT) scan detected no remarkable findings. Nasal involvement could not be substantiated either on nasal CT scan or otorhinolaryngological evaluation despite complaint of bloody nasal discharge. Then, spinal dura biopsy was planned; however, the patient and her families refused the biopsy procedure after a careful consideration about the risk and benefit.
In a series of 92 cases with AASV caused by antithyroid drugs in 2009, 10 the time to onset of PTU-induced AASV varied (median time, 39 months; range, 1-132 months) after starting PTU treatment. The spectrum of manifestations was wide and ranged from less specific syndromes to single organ involvement and life-threatening vasculitis 10 , among which kidney involvement was reported to be the most frequent finding (38.2%), which was followed by respiratory tract involvement (19.0%), arthralgia and myalgia (18.4%), skin involvement (13.8%), and involvement of brain and nerves (2.0%). Considering the temporal relation of newly onset AASV to use of PTU and kidney involvement being the most frequent finding, the diagnosis of PTU-induced AASV was preferred.
PTU was discontinued immediately and no further antithyroid treatment was needed because of low thyroid 131 Iodine absorption rate according to the endocrinologist's advice.
Moreover, pulse intravenous methylprednisolone (1 g daily) for 3 days and followed by oral prednisone (1 mg/kg per day) with gradual tapering of the dosage and intravenous cyclophosphamide (0.4 g weekly) were given. Followed up for 3 months, the symptoms improved, ESR and hsCRP returned to normal, the protein level of CSF decreased to 1.09 g/L, MPO-ANCA decreased to 69 RU/mL. The MRI findings improved significantly (Fig. 1B) .
Although the prognosis was good in the majority of patients with PTU induced AASV after cessation of the drug, it was reported that in some cases the disease might be fatal or result in permanent sequelae such as chronic renal failure relying on dialysis despite of intensive immunosuppressive therapy. 11, 12 As for this case, relapse occurred in February 2015 when she was on a dose of 10 mg of prednisone daily, she was admitted to our hospital because of a recurrence of neck and back pain. On admission, her laboratory findings were as follows: WBC 8.25 Â 10 9 /L, hemoglobin 132 g/L, platelets 223 Â 10 9 /L. The serum hsCRP level was elevated at 57 mg/L, and the ESR was also raised at 37 mm/hr. The serum MPO-ANCA level was elevated at 59 RU/mL. The serum levels of IgG, IgA, IgM, and complement components were within the normal ranges. ANA and RF were negative. The total protein level of CSF was elevated to 7.81 g/L. MRI revealed increase of diffusely thickened dura compared with the previous MRI (Fig. 1C) . A diagnosis of recurrent AASV-associated HSP was made. Rituximab-based regimen was a good option in her situation; however, she could not afford it because the costs were not covered by medical insurance in China. So an immunosuppressive tripletherapy (corticosteroid, cyclophosphamide, and azathioprine) and intrathecal injection of dexamethasone were initiated according to our experience. Her symptoms and laboratory findings were ameliorated again. Followed up for 6 months, there was no recurrence.
CASE 2
A 62-year-old woman who presented with general malaise, anorexia, intermittent fever, and numbness of lower limbs over a 2-year period developed low back pain 5 months before being admitted to our hospital in November 2014.
In May 2012, she complained of general malaise, anorexia, and numbness of lower limbs, accompanied by pyrexia (38.98C), and diagnosed with probable ANCA-associated vasculitis by virtue of a positive test of MPO-ANCA and elevated ESR level of 78 mm/hr and hsCRP level of 73 mg/L. The treatment with 60 mg daily of prednisolone was started and gradually tapered, combined with 10 mg daily of leflunomide, leading to clinical remission. In June 2014, she developed low back pain in addition to numbness of lower limbs and intermittent fever.
On admission, there were no characteristic physical or neurological findings. Laboratory data were as follows: WBC 5.52 Â 10 9 /L, hemoglobin 94 g/L, and platelets 276 Â 10 9 /L. Urinalysis was normal. Electrolytes, renal function, liver enzymes, thyroid tests, and angiotensin-converting enzyme were all within the normal ranges. ESR was 101 mm/hr and hsCRP was 48.94 mg/L. The serum level of interleukin-6 (IL-6) was markedly elevated to 46.6 pg/mL (<4.0). RF and MPO-ANCA were 80 IU/mL and 33 RU/mL, respectively. Other serological tests including ANA, anti-double stranded DNA antibody, anticardiolipin antibody, and PR3-ANCA were all negative. The serum levels of IgG, IgG4, IgA, IgM, and complement components were all within normal ranges. Examination of CSF revealed normal CSF pressure, with elevated protein level of 1.64 g/L and a cell count of 63 per mL (lymphocytes 54). Cytological examination of CSF showed no malignant cells, and repeated examinations of bacterial, fungal, mycobacteria, and viral were all negative in the sera as well as in CSF. Electrocardiography was normal. Interstitial lung disease in inferior lobes of both lungs was detected by high-resolution CT scan. Gd-enhanced T1-weighted MRI scan of spinal cord demonstrated diffuse spinal dura matter thickening between the spinal level at the 4th lumbar (L4) and 3rd sacral (S3) cord (Fig. 2A) . Then, a diagnosis of AASV with HSP was made, and pulse intravenous methylprednisolone (1 g daily) for 3 days and followed by oral prednisone (60 mg/day) with gradual tapering of the dose and oral cyclophosphamide (0.2 g every other day) were given. Followed up for 6 months, the symptoms improved rapidly, ESR, hsCRP, and the protein level of CSF returned to normal. MPO-ANCA was undetected. The MRI findings were markedly improved (Fig. 2B) .
METHODS
Ethical approval was waived since the study was based on a review of medical records that had been obtained for clinical purposes. And the written informed consent was signed by the 2 patients. To explore the clinical and laboratory features, diagnosis, and management about ANCA-associated HSP, we searched the PubMed and Medline databases for reports of cases by using the keywords ''hypertrophica,'' ''pachymeningitis,'' ''spinal cord,'' ''hypertrophy spinal pachymeningitis,'' ''antineutrophil cytoplasmic antibody,'' ''ANCA,'' ''Wegener's granulomatosis,'' ''microscopic polyangiitis,'' ''Churg Strauss,'' and ''vasculitis'' in different combinations.
RESULTS
We identified 10 cases described in English with detailed data. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] The general characteristics of the patients and the 2 in the present study are reviewed in Table 1 . Their median age at onset was 56 years (ranged from 26 to 77 years), and it showed a female preponderance (the ratio of female to male is 10:2) which is consistent with Yokoseki's study about ANCA-associated HP 23 . The titers of ANCA were elevated in all cases. Two out of 10 cases 16, 18 were diagnosed as ANCA-associated HSP since a lack of multiple-organ involvements, and other 8 cases were diagnosed with AASV, 7 of which were classified as GPA (also known as Wegener's granulomatosis) and presented with at least 1 other organ involvements, that is, articular, renal, pulmonary, and otolaryngological. Spinal dural mater involvement was present in 9 out of 12 cases when the diagnosis of vasculitis was made. The main symptoms resulting from the compression of adjacent spinal cord were back pain, sensory/ motor disturbances, and even paraplegia. Patients presented with prominent systemic and local inflammation including presence of fever (7 out of 12 cases), elevated CRP (8 out of 8 cases), and markedly elevated levels of total protein in CSF (6 out of 7 cases). Contrast-enhanced MRI of spinal dura mater was reported to be the most valuable diagnostic imaging technique and the typical imaging findings were iso-or lowintense signal on T1-weighted images and lower-intense signal on T2-weighted images which mostly affect thoracic vertebral levels in a consecutive or discrete 15 manner and can be markedly enhanced after injection of the contrast media. Biopsy of dura mater was the gold standard diagnostic test, which may reveal fibrosis with infiltration of a variety of chronic inflammatory cells, or coexist with formation of epithelioid granulomas or vasculitis. A study from Japan 23 showed that CXCL10, CXCL8, IL-6 were elevated in the CSF of patients with ANCApositive HP which was suggestive of accumulation of activated macrophages and neutrophils with Th1 lymphocytes, and ectopic lymphoid neogenesis could be seen in the thickened dura mater from several patients which may play a role in initiating and maintaining immune responses.
Overall, all the patients improved rapidly following combination therapy of steroids and immunosuppressants; however, 1 case died of lung complications associated with GPA, 13 another 1 developed rapidly progressive glomerulonephritis 2 years later, 21 and case 1 relapsed after 6 months when the dosage of prednisone reduced to 10 mg/day. Of note, laminectomy may temporarily relieve the clinical symptoms, but disease could not be controlled without subsequent immunosuppressive therapy. 22 
DISCUSSION
AASV predominantly affect small-sized blood vessels which typically presents with multiple-organ involvements including skin, kidney, respiratory tract, peripheral nerves, and gastrointestinal tract, 24 among which HP, a form of central nervous system (CNS) involvement, is quite rare. A nationwide survey of HP from Japan 25 showed that idiopathic HP was most common (accounts for 44%), while ANCA-associated HP, especially granulomatosis with polyangiitis (GPA), was the most frequent form of secondary HP (accounts for 34%), followed by IgG4-related HP (accounts for 8.8%). Yokoseki et al 23 proposed that ANCA-associated HP might be a limited neurologic form of AASV.
HSP can be secondary to infections, neoplastic diseases, and autoimmune diseases and detailed differential diagnosis is As for the 2 patients reported here, repeated examination of the above pathogenic microorganisms in both peripheral blood and CSF was all negative and subsequent good response to the therapy of glucocorticoids and immunosuppressants did not support the diagnosis of CNS infections. Secondly, neoplastic diseases such as meningioma, lymphoma, and heavy-chain disease could also result in thickening of spinal dura. [5] [6] [7] However, CT scans of the chest, abdomen, and pelvis showed no evidence of neoplasm and cytological examination of CSF likewise showed no malignant cells. Additionally, abnormal heavy or light chain and monoclonal brand were not detected with serum protein electrophoresis and immunofixation electrophoresis. As a consequence, malignancies were excluded. Thirdly, autoimmune diseases like IgG4-related disease and systemic lupus erythematosus were not considered since serum detection of ANA was negative and serum level of IgG4 was normal.
Therefore, the diagnosis of AASV was established based on the presence of general malaise, anorexia, fever, multipleorgan involvements mainly manifested as HSP and ILD or microscopic hematuria, markedly elevated inflammatory parameters including ESR, CRP and IL-6, and positive MPO-ANCA serology. Though vasculitis was not proven histologically, other etiologies mentioned above had been ruled out, and subsequently good response to the immunosuppressive therapy confirmed the diagnosis. In patient 1, PTU induced AASV was strongly suspected based on her past medication history and the clinical resolution after cessation of the drug and treatment with immunosuppressants.
Combination therapy of glucocorticoid and cyclophosphamide has been the standard regimen for remission induction for nearly 4 decades and this regimen has brought patients with severe AASV a better disease control and temporary remission. Because of multiple adverse effects of cyclophosphamide and lengthy courses of glucocorticoid treatment, recent results of Rituximab in ANCA-Associated Vasculitis (RAVE) trial demonstrated that rituximab was as effective as cyclophosphamide for the induction of remission in patients with severe AASV. 26 Moreover, the rituximab-based regimen was superior in patients with relapsing disease at 6 months. 27, 28 However, the efficacy was unclarified owing to the rarity of CNS involvement especially HSP in AASV. Holle et al 29 compared the efficacy of rituximab for the treatment of granulomatous and vasculitic manifestations of 59 patients with refractory GPA. Interestingly, complete or partial remission was achieved for 90% of vasculitic but only 58% of granulomatous manifestations, and for patients with pachymeningitis, 50% responded, with only 8.3% achieving complete remission. Thus, their results suggest that the response rate to rituximab treatment depends on the proportion of vasculitis and granulomatous inflammation, respectively, in the spinal dura lesions.
When the diagnosis of HSP is made by a spinal surgeon at the first visit, attention should be paid to whether there are systemic signs such as fever, multiple-organ involvement, and elevated levels of inflammatory markers like ESR and CRP since these are predominant features of HSP patients with AASV or other systemic diseases. So baseline screening of ANCA, immunoglobulin G, and its subclass or the spectrum of ANA are recommended and multidisciplinary collaboration is needed. Of note, spinal dura biopsy is the gold standard of diagnosis and meaningful for differential diagnosis.
CONCLUSIONS
To conclude, HSP is a relatively rare form of CNS involvement of AASV, especially in GPA patients. When patients with AASV complained of backache or paralysis of the legs, HSP should be suspected. Conversely, patients diagnosed with HSP should be screened with ANCA test or other autoimmune diseases. Although it might be underdiagnosed on account of the lack of histologically evidence, contrastenhanced MRI is essential for clinical diagnosis and good response to subsequent combinational therapy of steroids and immunosuppressants could be helpful for the confirmation of the diagnosis. Early recognition and intervention are of great significance since the pathogenesis of HSP starts with an inflammatory and fibrosing process; some patients may require surgical decompression to prevent irreversible neurological impairment if there is no response or relapse after the traditional therapy.
